Fear memories elicit multiple behavioral responses, encompassing avoidance, or behavioral inhibition in response to threatening contexts. Context-speciWc freezing, reXecting fear-induced behavioral inhibition, has been proposed as one of the main risks factors for the development of anxiety disorders. We attempted to deWne the key hippocampal mediators of extinction in a mouse model of contextdependent freezing. Nine-week-old male C57BL/6J mice were trained and tested for contextual fear conditioning and extinction. Freezing behavior scored by unbiased sampling, was used as an index of fear. Proteomic, immunoblot, and immunohistochemical approaches were employed to identify, verify, and analyze the alterations of the hippocampal extracellular signal-regulated kinases 1 and 2 (Erk-1/2). Targeted pharmacological inhibition of the Erk-1/2 activating kinase, the mitogen activated and extracellular signal-regulated kinase (Mek), served to establish the role of Mek/Erk signaling in extinction. When compared to acquisition, extinction of contextual freezing triggered a rapid activation of Erk-1/2 showing a distinctive time-course, nuclear localization, and subcellular isoform distribution. These diVerences suggested that the upstream regulation and downstream eVects of this pathway might be speciWc for each process. Dorsohippocampal injections of the Mek inhibitors U0126 (0.5 g/site) and PD98059 (1.5 g/site) immediately after the nonreinforced trials prevented Erk-1/2 activation and signiWcantly impaired extinction. This eVect was dissociable from potential actions on memory retrieval or reconsolidation. On the basis of these Wndings, we propose that hippocampal Mek/Erk signaling might serve as one of the key mediators of contextual fear extinction.
Introduction
Anxiety disorders are thought to result from abnormal emotional responses associated with memories of aversive events. Most forms of anxiety are accompanied by exaggerated and persistent fear in response to threatening environments that can be modeled by contextual fear conditioning (Grillon, 2002) . Rodent studies have signiWcantly advanced our understanding of the neurobiology of contextual fear by establishing the essential biochemical pathways within the hippocampal brain area mediating fear conditioning (Kandel, 2001; Sweatt, 2001) . However, persistent fear may be also caused by impaired extinction, reXecting a learned reduction of fear responses after subsequent nonreinforced contextual exposures (reviewed by Myers & Davis, 2002) .
The molecular basis of extinction and its relevance for anxiety disorders has gained signiWcant attention by discovering the roles of the basolateral amygdala (Lu, Walker, & Davis, 2001; Walker, Ressler, Lu, & Davis, 2002) and
